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(57) ABSTRACT 
A method of producing a semiconductor circuit is disclosed 
With an area saving in comparison to conventional circuit 
layouts. IO cells are arranged With a Width multiplied by a 
factor, but With corresponding reduced height. ESD protec 
tion circuitry is included at a reduced rate in comparison to 
usual arrangements. The space saving is achieved by occu 
pying a semiconductor area that Would have been used by 
ESD circuitry With the IO circuitry. ESD protection is 
maintained but at different locations. 
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SEMICONDUCTOR INPUT/OUTPUT CIRCUIT 
ARRANGEMENT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
input/output arrangement, and particularly to an arrange 
ment for reducing the semiconductor area set aside for input 
and output. 

[0003] 2. Description of the Related Art 

[0004] Semiconductor circuits comprise an area of silicon 
onto Which different circuit components are formed by 
doping With various chemical constituents. Such doping 
forms multiple devices such as latches and transistors to 
create memory and processing circuitry as is Well knoWn to 
those skilled in the art. To connect exterior components to 
the circuit, pins, balls or other connections are provided 
Which connect to pads Which in turn connect to the semi 
conductor circuit via input/output circuitry. Such arrange 
ments are knoWn. The problem With such arrangements, 
hoWever, is the ever increasing requirement for millions of 
components to be constructed on a given circuit. This results 
in increased area of silicon used and greater cost. We have 
appreciated the need to minimiZe the area of a semiconduc 
tor circuit required for input/output connection. 

[0005] Semiconductor circuit design typically uses a 
“library” approach in Which divisible parts of circuits are 
designed and implemented in repeating arrangements. The 
divisible parts are referred to as library cells. We have 
further appreciated that circuit design using libraries should 
use area ef?ciently for input/output connection. 

BRIEF SUMMARY OF THE INVENTION 

[0006] In a broad aspect, the invention provides a semi 
conductor circuit arrangement and design methodology in 
Which active circuitry, input/output circuitry and input/ 
output pads are provided, and the protection circuitry is 
provided as library cells at a reduced frequency than usual. 

[0007] In particular, there is provided a method of pro 
ducing a semiconductor circuit With an area saving in 
comparison With a conventional circuit using library cells, 
the circuit having active circuitry, an input/output interface 
comprising separate IO cells and pads for external connec 
tion to the active circuitry via the IO cells, comprising: 

[0008] determining the ratio of poWer/ground pads to 
input/output pads for the interface in the conven 
tional circuit; 

[0009] determining the Width of each IO cell of the 
conventional circuit; 

[0010] producing IO cells of a Width substantially 
equal to the Width of each IO cell of the conventional 
circuit multiplied by a factor based on the ratio of 
poWer/ground pads to input/output pads, but of cor 
responding reduced height; and 

[0011] producing poWer/ground pads and input/out 
put pads for connection to the IO cells grouped 
together in the ratio determined for the conventional 
circuit. 
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[0012] The invention is de?ned in the claims to Which 
reference is noW directed. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0013] An embodiment of the invention Will noW be 
described by Way of example only, and With reference to the 
accompanying ?gures, in Which: 

[0014] FIG. 1: is a schematic diagram of a semiconductor 
circuit, including an active area, IO circuit, pad ring and 
pins; 
[0015] FIG. 2: is a schematic cross section of the semi 
conductor circuit of FIG. 1; 

[0016] FIG. 3: is a more detailed schematic vieW of a 
section of a pad ring; 

[0017] FIG. 4(a),(b),(c) shoWs hoW an existing IO circuit 
and protection circuit arrangement is modi?ed in accordance 
With an embodiment of the invention; 

[0018] FIG. 5(a),(b),(c) shoWs hoW a second existing IO 
circuit and protection circuit is modi?ed in accordance With 
a embodiment of the invention; 

[0019] 
and 

[0020] FIG. 7: shoWs the abutment of IO pads With 
supply/ground rings; 

FIG. 6: shoWs the abutment of adjacent IO cells; 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] A semiconductor circuit comprises a core or active 
circuitry, input/output circuitry, pads for poWer/ground and 
input/output connection and pins for external connection. A 
typical semiconductor circuit Which may embody the inven 
tion is shoWn in FIG. 1. 

[0022] The core or active circuitry 10 comprises the 
components Which undertake the circuit functions. These 
could be memory or processing functions depending on the 
purpose of the circuit, and the invention is equally applicable 
to either. The core 10 connects With surrounding input/ 
output (IO) circuitry 12 Which provides an interface betWeen 
the core and external connections. To provide external 
connection, individual pads 18 are formed in the silicon in 
a pad ring 14 Which connect With the IO circuitry 12 through 
deposited metal layers on the circuit. The pads 18 in turn 
connect to respective pins, balls or substrate 20 for external 
connection. A schematic cross section of this arrangement is 
shoWn in FIG. 2, shoWing a core 10, IO circuit 14, pads 18 
and pins 20 With lead frame or substrate connections 19 
there betWeen. 

[0023] It Will be appreciated that FIGS. 1 and 2 are 
schematic only, the actual ratio of siZe betWeen the pads and 
core is not as shoWn. Typically, the minimum spacing 
betWeen the lead frame connections is 65 pm, Where the 
pads 18 are arranged in linear roWs or 40 pm, if the pads are 
arranged in staggered roWs as shoWn. With these as typical 
siZe constraints, it can be seen that the area of silicon 
required by the pad ring is constrained by the number of 
pads required. Similarly, the IO ring 12 uses silicon area as 
does the core 10. It is important to ensure that no area is 
Wasted. 
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[0024] The area occupied by the pads 18 themselves is 
only a portion of the pad ring 14 because space is required 
between the pads to ensure there is no electrical in?uence 
there betWeen. As shoWn in FIG. 3, the pad pitch “pp” 
depends upon the technology used and the arrangement of 
the pads and is typically 40 pm. This de?nes the Width of the 
associated circuitry shoWn as IO circuitry 12, Which 
includes either IO circuitry or protection circuitry and has 
the same Width as the pad pitch pp so that a modular 
approach to circuit design may be adopted. 

[0025] The space occupied by the IO and protection 
circuitry is at the heart of the present embodiment as shoWn 
in FIGS. 4a, b and c. 

[0026] In FIG. 4a a knoWn pad and IO/protection circuit 
arrangement is shoWn. The arrangement comprises IO pads 
24 Which connect With respective divisible parts of the IO 
interface knoWn as IO cells 26 Which provide an interface to 
core circuitry (not shoWn). The IO cells are IO library cells 
Which can be selected and implemented from a library of 
such cells. The pad pitch “pp” de?nes the Width of each IO 
cell 26, in this case 40 pm the pad height “ph” is the height 
of the IO circuitry and hence also the height allocated to 
electrostatic discharge (ESD) protection circuitry 28, and 
here is 400 pm. Supply (VDD) and ground (VSS) pads 23 
are provided for the IO circuitry and communicate thereWith 
via VDD/VSS connections and ESD circuitry 28 Which 
protects the IO circuit against voltage inversion or overload. 

[0027] Note that the pads shoWn as VDD or VSS (supply 
or ground) are interchangeable in position. The ESD cir 
cuitry includes connections to provide supply (VDD) or 
ground (VSS) connection depending upon the respective 
associated pin, ball or substrate. 

[0028] Certain features are apparent from the knoWn 
arrangement. First, each supply/ground pad for the IO 
circuitry has an associated ESD space containing ESD 
circuitry of the same Width and height of the IO cell itself. 
This is provided for protection of the supply/ground of each 
IO cell (though the ESD circuitry only occupies a portion of 
the ESD space). Second, this effectively uses an area of 
silicon of pp><ph><2 for each IO cell and ESD pair, thus each 
input/output pin requires this area to be set aside in this 
embodiment (other ratios apply to different circuits). 

[0029] Although not shoWn in FIG. 4, there are multiple 
layers of metal covering the IO cells 26 and ESD circuitry 
28 With paths arranged to provide connections betWeen 
these, and With the active core circuitry. Typically, there are 
8 layers of metal, With 3 or 4 of these used for IO connec 
tions. 

[0030] A circuit embodying the invention is shoWn in 
FIG. 4(c), With the difference betWeen this circuit and the 
knoWn circuit shoWn in FIG. 4(b). The circuit comprises IO 
pads 24 and supply/ground (VSS/V DD) pads 23 as before. 
As shoWn, the pads are interchangeable in position With one 
another. It Will be noted that the ESD circuitry associated 
With each VDD/VSS pad 23 has noW been omitted, and that 
the IO cell and VDD/V SS connections are formed together 
as a unitary cell 26. The only ESD protection noW provided 
is ESD circuitry 31 Which is provided separately for supply/ 
ground VDD/V SS 30 for the active core, or the IO circuit 26 
itself. The VDD/V SS 30 connects to supply/ground rings of 
metal overlying the IO interface and active circuitry and 
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provide either IO or active poWer/ground. Similarly, the 
VDD/VSS 23 associated With each IO cell can provide 
supply/ground either to the interface, or to the core depend 
ing upon the supply/ground ring connections. The omission 
of ESD circuitry With every IO VDD/VSS is a signi?cant 
difference and arises from the appreciation that ESD pro 
tection does not need to be provided With every VDD/V SS 
connection, but can be provided betWeen poWer/ground 
rings of the metal layers. 

[0031] The silicon area saving With this circuit arrange 
ment is evident by considering the change in the pad height 
required. Each IO cell and abutted VDD/VSS connections 
26 has an area 2><pp><ph, but the dimension ph is noW 
typically half the dimension in the knoWn arrangement eg 
200 pm. The total area for each IO cell is thus the same as 
before, but a saving of area of the ESD circuitry 28 in FIG. 
4a is made. As previously noted, this derives from the 
appreciation that ESD circuitry is not required for every IO 
cell. The circuit advantageously still uses a ?Xed pad pitch 
pp of say 40 pm Which alloWs ease of automatic layout using 
design tools. 

[0032] Asecond circuit embodying the invention is shoWn 
in FIGS. 5(a),(b) and FIG. 5(a) shoWs a knoWn arrange 
ment having IO pads 24, supply/ground pads VSS/V DD 23 
for the IO circuitry, and IO circuitry itself 26. The pad height 
ph and pad pitch pp are as before, e.g. ph=400 pm, pp=40 
pm. In addition, ESD circuitry 28 is provided for each pair 
of IO cells. The ratio of IO cells to ESD circuits in the knoWn 
circuit is thus 2: 1, in contrast to the ratio of 1:1 in FIG. 4(a). 

[0033] As shoWn in FIGS. 5(b) and (c), on appreciating 
that ESD circuitry is not required to be provided With every 
supply/ground for every IO cell, a saving can be made and 
the IO circuitry rearranged accordingly. The area saved by 
omission of each ESD cell is noW utiliZed by tWo IO cells, 
With the result that the pad height ph cannot be reduced as 
much as With the previous eXample. Nonetheless, it can be 
seen that a saving is made. 

[0034] A further bene?t of a circuit embodying the inven 
tion is that the area occupied by a guard ring is also reduced. 
A guard ring is provided around IO cells to gather stray 
electrons and holes. The closer the IO cell is to a minimum 
circumference (a circle), the loWer the length of guard ring 
required for a given IO circuit area. As can be seen empiri 
cally from FIG. 4a, the perimeter of IO cells is greater than 
for FIG. 4c. 

[0035] To facilitate automatic layout, certain steps of a 
design methodology are preferred to achieve the bene?ts in 
an embodying circuit. 

[0036] 2. IO/Supply Ratio 

[0037] The ratio of poWer/ground pads to IO pads (RPG 
for short) is used as a constraint in the layout. As shoWn in 
FIG. 4(a) the ratio of poWer/ground to 10s is 2 10s for a pair 
of poWer/ground connection, i.e. RPG=1. In FIG. 4(c), this 
ratio is maintained With supply/ground and IO pads grouped 
together in the same ratio. Similarly, in FIG. 5(a) the ratio 
of poWer/ ground to 10s is 4 IO cells for a poWer ground pair 
i.e. RPG=2. 

[0038] Thus, the layout methodology to vary an eXisting 
circuit in accordance With the invention is preferably that 
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10s and supply/ground pads are grouped together in the 
RPG ratio as in the known unmodi?ed circuit. 

[0039] 3. Symmetrical Layout 

[0040] To eliminate any effects due to the chemical depo 
sition process, the IO pads are preferably laid out symmetri 
cally With respect to the IO X aXis. This helps to eliminate 
possible effects due to the angle of chemical deposition. 

[0041] 4. IO Circuit Abutment 

[0042] The IO circuits preferably abut in the X aXis via 
supply/ground rings, as shoWn in FIG. 6. As can be seen, 
poWer/ground rings 33 abut at the joint 32 betWeen tWo 
adjacent IO cells 26. This simpli?es the layout. 

[0043] 5. Supply/Ground Abutment 

[0044] In a similar Way, the supply/ground pads preferably 
abut in the Y aXis onto IO supply/ground rings, as shoWn in 
FIG. 7. The abutment at joint 34 is betWeen the pad and a 
metal path 35 to the poWer /ground ring 33. 

[0045] 6. ESD Ratio 

[0046] ESD cells are preferably provided at the same ratio 
as supply pads for the active core. This is the VDD/V SD 30 
as shoWn in FIGS. 4(c) and 5(c). This is based on the 
appreciation that ESD protection is not required With every 
IO supply/ground pad. Although ESD cells are shoWn for 
core supply/ground, in fact they may protect either core or 
IO cells through connections made using poWer/ground 
rmgs. 

[0047] 7. ESD Requirement 

[0048] The frequency of ESD circuits should, nonetheless, 
be appropriate to the circuit folloWing ESD guidelines. 

[0049] s. Pad Pitch 

[0050] The abstract of the pad (area 21 in FIG. 3) remains 
at the pad pitch to facilitate chip integration. 

[0051] 9. Physical Pad 

[0052] The physical pad is a combination of a pad abutted 
to an IO or ESD cell. 

[0053] 10. Corner Rules 

[0054] At the corners of a circuit, as shoWn in FIG. 1, 
eXtra ?llers Will be required to alloW cells to abut one 
another. 

[0055] The abutment of cells and poWer/ground rings are 
shoWn in FIGS. 6 and 7. AVDD/VSS pad 24 connects With 
a poWer/ground ring 33 overlying the IO cells 26. Adjacent 
cells abut at 33 so that the poWer/ground rings connect. 
Similarly, the pads abut the IO cells at 34 to provide 
connections to the poWer/ground rings via metal connections 
35. 

[0056] In a similar Way, connections are established With 
the active core circuitry. The ESD protection cells thereby 
connect through poWer/ground rings to protect other IO cells 
on the active core. 

[0057] All of the above US. patents, US. patent applica 
tion publications, US. patent applications, foreign patents, 
foreign patent applications and non-patent publications 
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referred to in this speci?cation and/or listed in the Applica 
tion Data Sheet, are incorporated herein by reference, in 
their entirety. 

[0058] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not 
limited eXcept as by the appended claims. 

1. A method of producing a semiconductor circuit With an 
area saving in comparison With a conventional circuit using 
library cells, each of the circuits having active circuitry, an 
input/output interface comprising separate IO cells and pads 
for external connection to the active circuitry via the IO 
cells, comprising: 

determining a ratio of poWer/ground pads to input/output 
pads for the interface in the conventional circuit; 

determining a Width of each IO cell of the conventional 
circuit; 

producing IO cells of a Width substantially equal to the 
Width of each IO cell of the conventional circuit 
multiplied by a factor based on the ratio of poWer/ 
ground pads to input/output pads, but of corresponding 
reduced height; and 

producing poWer/ground pads and input/output pads for 
connection to the IO cells of the semiconductor circuit 
grouped together in the ratio determined for the con 
ventional circuit. 

2. A method according to claim 1, comprising omitting 
ESD cells of the conventional circuit associated With one or 
more of the IO cells of the conventional circuit. 

3. A method according to claim, comprising providing 
ESD cells of the semiconductor circuit at a frequency that is 
less than or equal to a frequency of supply/ground pads for 
the active circuitry of the semiconductor circuit. 

4. A method according to claim 1, comprising providing 
ESD cells of the semiconductor circuit at less than a fre 
quency of ESD cells for the conventional circuit. 

5. A semiconductor circuit With an area saving in com 
parison With a usual arrangement having active circuitry, an 
input/output interface comprising separate IO cells and pads 
for external connection to the active circuitry via the IO 
cells, comprising: 

IO cells of greater than normal Width and corresponding 
reduced height, Wherein the Width is multiplied, com 
pared to a Width of the IO cells of the usual arrange 
ment, by a factor based on a ratio of poWer/ground pads 
to input/output pads determined for the usual arrange 
ment; and 

poWer/ground pads and input/output pads for connection 
to the IO cells of the semiconductor circuit, grouped 
together in the ratio of poWer/ground pads to input/ 
output pads. 

6. A semiconductor circuit according to claim 5, Wherein 
the IO cells of the semiconductor circuit do not have 
associated ESD cells for supply/ground connection. 

7. A semiconductor circuit according to claim 5, compris 
ing ESD cells provided a frequency that is less than or equal 
to a frequency of supply/ground pads for an active circuitry 
of the semiconductor circuit. 
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8. Asemiconductor circuit according to claim 5, compris 
ing ESD cells at less than a frequency of ESD cells of the 
usual arrangement. 

9. A semiconductor circuit, comprising: 

active circuitry; 

an input/output interface having a plurality of IO cells, 
one of the IO cells having associated IO and supply or 
ground pads but not having an adjacent ESD cell; 

pads for external connection to the active circuitry via the 
input/output interface; and 

a separate ESD protection cell provided Within the input/ 
output interface for protection of the active circuitry 
and input/output circuitry. 

10. Asemiconductor circuit according to claim 9, Wherein 
ESD cells are provided at a reduced frequency in compari 
son to usual. 

11. Asemiconductor circuit according to claim 9, Wherein 
the IO cells occupy space that Would be used by ESD cells 
in a usual arrangement, thereby saving semiconductor area. 

12. Asemiconductor circuit according to claim 9, Wherein 
each IO cell is connected to at least one IO pad, and a supply 
or ground pad. 

13. Asemiconductor circuit according to claim 9, Wherein 
the pads are arranged at a ?xed pad pitch. 
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14. A semiconductor circuit, comprising: 

active circuitry; 

input/output circuitry; and 
pads for external connection to the active circuitry via the 

input/output circuitry; Wherein the input/output cir 
cuitry includes a plurality of IO library cells of ?xed 
Width, the IO library cells having connected IO pads 
and supply or source pads in a ?xed ratio; and at least 
a subset of the IO library cells includes supply/source 
connections, but no ESD circuitry connected directly 
With the supply/source connections. 

15. A semiconductor circuit according to claim 14, 
Wherein all of the IO library cells include supply/source 
circuitry. 

16. A semiconductor circuit according to claim 14, 
Wherein alternative IO cells include supply/source circuitry. 

17. A semiconductor circuit according to claim 14, 
Wherein ESD circuitry is provided for supply/source pads 
connected With the active circuitry. 

18. A semiconductor circuit according to claim 14, 
Wherein each IO cell has a Width that is a multiple of a usual 
Width, and a height the is reduced by substantially the same 
multiple 


